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(g) Method of purifying DNA. 

@ A method for purifying plasmid DNA and/or 
cosmkj DNA is disclosed which can be earned 
out easly without time-consuming centrifu- 
gation and without using a toxic reagent. The 
method comprises lysing microorganism cells 
containing the plasmid DNA and/or cosmid 
DNA. filtering the resultant lysate through a 
membrane filter to obtain a filtrate, to thereby 
remove insoluble materials, and subjecting the 
filtratB to ultrafiltration to remove impurities 
and thereby condense the DNA. 
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This invention relates to a m thod for purifying 
plasmid DNA and/or cosmid DNA. The method of the 
present invention is useful in the field of genetic en- 
gineering. 

With the progress of genetic engineering techni- s 
ques, nucleic acids are purified from various cells, vi- 
ruses and phages. Especially, isolation and identifica- 
tion of plasmid DNAs from microorganisms such as E 
coli are indispensable to genetic recombination tech- 
niques. 10 

Purification of plasmid DNA is widely carried out 
by lysing a microorganism such as E. coli with an al- 
kali, neutralizing and centrifuging the resultant ex- 
tracting the supernatant with phenol so as to remove 
proteins and by subjecting the resultant to ethanol is 
precipitation so as to concentrate the DNA. Since the 
DNA solution obtained by this method contains RNAs 
and the like as impurities, as~necessary, the DNA is 
further purified by treating the DNA solution with an 
RNase and by subjecting the resultant to polyethylene 20 
glycol precipitation. Alternatively, after the treatment 
with RNase, the DNA is purified by ultracentritugation. 

In the above-described conventional method, 
toxic reagents such as phenol and chloroform are 
used. Further, centrifugation is necessary in each 25 
step so that the process is time-consuming and trou- 
blesome Still further, in cases where an ultracentri- 
tuge is used, in addition to the problem that the proc- 
ess is time-consuming, there is an economical prob- 
lem that the ultracentrifuge is expensive. 30 

Afccortingryrohe object of the present invention is 
to provide a method for purifying plasmid DNA and/or 
cosmid DNA by which the plasmid DNA and/or cosmid 
DNA may be purified to a high purity by simple oper- 
ations without using a reagent toxic to humans. 35 

The present invention stems from the finding that 
plasmid DNA and/or cosmid DNA may be purified to 
a high purity by lysing microorganism cells, filtering 
the lysate through a membrane filter (to remove in- 
soluble materials) and by subjecting the filtrate to ul- 40 
trafiltration (so as to remove impurities), thereby con- 
densing the DNA. 

That is, the present invention provides a method 
for purifying DNA, especially plasmid DNA and/or cos- 
mid DNA, the method comprising, in the following or- 45 
der, iysing microorganism DNA-containing cells (for 
example, cells transfected or transformed with a vec- 
tor, so that they preferably contain plasmid DNA 
and/or cosmid DNA); filtering the resultant (lysate) 
through a membrane fflter to obtain a filtrate (such as 
to remove ins luW materials); and subjecting the fil- 
trate to ultrafiltration (preferably to remov impurities), 
thereby condensing th DNA. 

According to th method of the present invention, 
plasmid DNA and/or cosmid DNA may be purified to 
a high purity from microorganism cells by simple op- 
erations. Further, reagents toxic to humans need not 
be used. Further, since the method may have no cen- 



trifugation step, the time required for the purification 
of the DNA can be short 

The microorganism cells subjected to the method 
of the present invention may be any ceils which con- 
tain a plasmid DNA and/or a cosmid DNA For exam- 
ple, E. coli cells transformed with a plasmid such as 
pBR322, pUC18 or the like, cultured in 2 x YT medium 
containing ampicOlin, which are collected by centrifug- 
ing the culture medium may be subjected to the meth- 
od of the present invention. 

In the first step of the method of the present inven- 
tion, the microorganism cells containing a plasmid 
DNA and/or a cosmid DNA are lysed. The cells may 
be lysed by any conventional method. For example, 
the cells may be lysed by the treatment with aqueous 
alkaline metal hydroxide solution and/or with a surfac- 
tant As the alkaline metal hydroxide, NaOH or KOH 
may preferably be employed at a concentration of, 
preferably, 0.01 - 1 N. 

As the surfactant, anionic surfactants such as sodium 
dodecyi sulfate (SDS) may preferably be employed at 
a concentration of, preferably, 0.1 - 1 % by weight Be- 
fore this treatment, the cells may be treated with 1 - 
10 mg oflysozyme. 

When an alkaline metal hydroxide solution is 
used for lysing the cells, the lysate may be neutralized 
before being subjected to the second step. The neu- 
tralization may be carried but by adding an acid'such 
as acetic acid or hydrochloric add, or by adding si neu- 
tral buffer with a high concentration. 

TftexellSTOay^sateJysed^ 
^tha^surfactsntainderheat As the surfactant used 
here, nonionic surfactants such as Triton X-100" 
(trade name) may preferably be employed, at a con- 
centration of, preferably, 0.1 - 1% by weight The cells 
may be heated in a hot water bath at 90 - 1 00°C for 2 
- 10 minutes. 

In the second step, the ceil lysate obtained in the 
above-described first step is filtered through a mem- 
brane filter. In view of the prevention of the insoluble 
materials from passing through the filter and of the fil- 
tration rate, the pore size of the membrane filter may 
preferably be 0.1 - 2 *im. The material constituting the 
membrane filter is not at all restricted and commercial- 
ly available membrane filters may conveniently be 
used. 

The filtrate obtained in the second step is then 
subjected to ultrafiltration. The ultrafiltration mem- 
brane used here preferably has a fractionation molec- 
ular weight of 30,000 to 1 ,000,000. If the fractionation 
molecular weight is smalierthan 30,000, proteins may 
not pass through th membrane so that they may be 
contaminated in the obtained DNA as impurities. If the 
fractionation molecular weight is larger than 
1,000,000, the desired DNA may pass through the 
membrane. Th ultrafilter may be made of any mate- 
rial. For exampl , commercially availabf ultrafiltere 
made of poysulfone may be employed. By the ultrafil- 
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tration, proteins and inorganic salts contained in the 
filtrate obtained in th second step are removed. 

After the ultraffltration, to increase the purity of the 
desired DNA, it is preferred to wash the ultraflter by 
passing an appropriate solution through the ultrafilter. s 
The solution for washing the ultrafilter is not restricted 
and widely used buffers such as TE buffer (T ris-HCI 
buffer containing EDTA) may be employed. 

The purified DNA remaining on the ultrafilter may 
be recovered easily by washing the surface of the ul- 10 
trafilter with an appropriate solution such as TE buffer. 

Purified plasmid DNA and/or cosmid DNA may be 
obtained by the above-described steps. However, in 
some cases, RNAs contained in the cells may be con- 
taminated in the desired DNA. In such cases, it is pre- 1$ 
ferred to add a step of removing the RNAs. RNAs may 
be removed by using an RNase. 

For example, a solution containing an RNase may 
be used for recovering the desired DNA from the ul- 
trafilter so as to decompose the RNAs in the DNA sol- 20 
ution. Alternatively, as the above-mentioned solution 
for washing the ultrafilter by passing the solution 
through the ultrafilter for removing impurities in the 
DNA remaining on the ultrafilter, a solution containing 
an RNase may be used. For example, a buffer con- 25 
taining an RNase may be used. If such a solution is 
used, RNAs are decomposed and then ultrafiltration 
is carried out, so that the decomposed RNAs are 
passed through the ultrafilter and so removed from the 
desired DNA on the ultrafilter. Still alternatively, as the 30 
solution for Washing the ultrafilter by passing the sol- 
ution through the ultrafilter, aqueous alkaline metal 
hydroxide solution may be employed. As the alkaline 
metal hydroxide, NaOH or KOH may be employed and 
the concentration thereof may preferably be 0.1 - 5N. 35 

By washing the ultrafilter with the aqueous alka- 
line metal hydroxide solution, RNAs may be removed. 
After this treatment, if necessary, the ultrafilter may 
further be repeatedly washed by passing an appropri- 
ate solution such as TE buffer therethrough so as to 40 
adjust the pH of the DNA appropriately. 

These treatments may be performed individually 
or in combination. By employing these steps, DNA 
with higher purity may be obtained. 

The present invention will now be described by 45 
way of example with reference to the accompanying 
examples and drawing, in which: 

Fig. 1 shows agarose gel electrophoresis pat- 
terns of plasmid DNAs purified by the method of the 
present invention together with electrophoresis pat- so 
t rns of th commercially available plasmid DNAs. 

It should be understood that the exampl s are 
presented for th purpose of illustration only and are 
not interpreted as being restrictive or limitativ . 

Exampl 1 



was cultured In 2 x YT medium containing ampiciilin 
overnight at 37°C. Then 1 .5 ml of the culture medium 
was centrifuged at 10,000 x g for 1 minute to collect 
the cells. The. supernatant was discarded and the 
cells were suspended in 100 jxl of 50 mM glu- 
cose/25mM Tris-HCI (pH8)/10 mM EDTA. After leav- 
ing the cell suspension to stand at 4°C for 5 minutes, 
200 ^ of 0.2 N NaoH/1 wt% sodium dodecyl sulfate 
(SDS) was added to the cell suspension. The result- 
ing mixture was left to stand at 4°C for 5 minutes to 
lyse the cells. Then 150 pJ of 3 M sodium acetate sol- 
ution (pH 4.8) was added and the resultant was left to 
stand at this temperature for another 5 minutes. 

The resulting mixture was filtered through a mem- 
brane filter having an average pore size of 0.22 jim 
under pressure. The fltrate was then filtered through 
an ultrafilter having a fractionation molecular weight of 
100,000. After the ultrafiltration, the ultrafilter was 
washed by passing TE buffer therethrough. Then the 
ultrafilter was shaken with 100 uJ of TE buffer contain- 
ing 20 ug/rrd of RNase, and the solution was then re- 
covered by using a pipette. 

Example 2 

A culture medium of E. coli XL1-Blue transformed 
with pi asm id pBluescript was subjected to lysing of 
the cells, filtration through the membrane filter and to 
ultrafiltration in the same manner as in Example 1. Af- 
ter the ultrafiltration, the ultraflter was washed by 
passing 1 ml of 0.1 N NaOH solution therethrough. Af- 
ter further washing the ultrafilter by passing TE buffer 
therethrough, the DNA was recovered from the sur- 
face of the ultrafilter with 100 uJ of TE buffer as in Ex- 
ample 1. 

Example 3 

The plasmid DNAs obtained in Examples 1 and 2 
were analyzed by the conventional agarose gel elec- 
trophoresis. The results are shown in Fig. 1. For com- 
parison, commercially available pUC119 and pBlue- 
script plasmid DNAs were subjected to the same 
agarose gel electrophoresis, the results are also 
shown in Fig. 1. In Fig. 1, Lane 1 shows the electro- 
phoresis pattern of Hind III digest of X phage DNA, 
which is used as a molecular weight marker, Lanes 2 
and 4 show the electrophoresis patterns of the com- 
mercially available plasmids pUC119 and pBlue- 
script, respectively, and Lanes 3 and 5 show the elec- 
trophoresis patterns of the DNAs obtained in Exam- 
pl s 1 and 2, respectively. 

As shown in Fig. 1 , the DNAs purified by the meth- 
od of the present invention had high purities. 



E. coli JM105 transformed with plasmid pUC119 
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Claim 

1 . A method of purifying plasmid DNA and/orcosmid 
DNA, the method comprising: 

lysing microorganism ceils containing the 5 
plasmid DNA and/or cosmid DNA; 

filtering the resultant iysate through a 
membrane filter to remove any insoluble material 
to obtain a filtrate; and 

subjecting the filtrate to ultrafiltration to 10 
thereby condense the DNA. 

2. A method according to Claim 1 wherein the pore 
size of the membrane filer is from 0.1 to 2 uin, 
and/or the molecular weight to be fractionated by 1 5 
ultrafiltration is from 30,000 to 1,000,000. 

3. A method according- to Cteim 1 or 2 additionally 
comprising removing RNA originating from the 
microorganism cells. 20 

4. A method according to Claim 3 wherein removal 
of RNA originating from the microorganism cells 
is achieved by recovering purified DNA remaining 

on the ultrafater with a solution comprising an 25 
RNase. 

5. A method according to Claim 3 wherein removal 
of RNA originating from the microorganism ceils 

is achieved by washing the ultrafater after ultraffl- 30 
tration by passing a solution containing an RNase 
and/or an aqueous alkaline metal hydroxide 
through the ultrafilter. 

6. A method according to any of Claims 1 to Swhere- 35 
in the cells are lysed by treatment with an aqu- 
eous alkaline hydroxide solution, such as NaOH 
and/or KOH, and/or a surfactant, such as SDS. 

7. A method according to Claim 6 wherein the Iysate 40 
is neutralised, such as with an acid, before filtra- 
tion. 

8. A method according to any of Claims 1 to 7 where- 
in the cosmid and/or plasmid DNA is derived from 45 
transfection or transformation of a cell with a vec- 
tor. 

9. A method according to any of Claims 1 to 8 where- 
in the cells comprise Ecoli cells and/or the DNA so 
to be purified is deriv d from plasmid pUC1 19 or 
pBtuescript. 

10. DNA purified by a method according to any of 
Claims 1 to 9. 55 
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